We present results from a qualitative study of 
Introduction
We examine social aspects of decision making and the impact of these aspects on tool support for capturing design intent and rationale. Our understanding of some of the social aspects of design decision making comes from three qualitative multicase studies we conducted, each asking the question: how do software designers make design decisions? We use our descriptions of design decision making to recommend requirements for tool support that captures design intent and rationale.
Our empirical studies and this paper are important for capturing design decisions because we believe decision making to be a highly cognitive and highly social process. Existing literature supports this idea [7] [8] [10] [11] and we believe tool support for capturing design decisions should understand those social and cognitive processes, before tools are designed for supporting these activities. Our work provides an introduction to understanding these social and cognitive processes.
In our studies we examined design decision making in small software organizations (<= 10 developers), and we examined design decisions at varying levels of abstraction (i.e. source code, class hierarchies, architectural models). Many of our participants were familiar with or used agile methods. We define software design decision making as the selection of an option among zero or more known and unknown options concerning the design of a software system. Section 2 reviews background material. Section 3 describes our 3 multi-case studies. Section 4 provides the main results and Section 5 addresses the impact on capturing design intent. Section 6 concludes this work.
Background

Decision Making
We have reviewed twelve approaches to decision making to provide a foundation for examining software design decisions [23] . This list of approaches is not exhaustive, but it demonstrates the numerous perspectives through which decision making can be analyzed. Our empirical studies have examined decision making through an evaluation of rational decision making [15] , naturalistic decision making [13] , real options analysis [4] [20] and explanation based decision making Error! Reference source not found..
Software Design Studies
A survey of software design studies suggests that six related factors impact software design: expertise, mental modeling, mental simulation, continual restructuring, preferred evaluation criteria and group interactions. Expertise is the knowledge and experience software designers have in design [1] . Existing studies showed expertise is fundamental to design productivity [6] , and that higher expertise resulted in an improved ability to create internal models and run mental simulations [1] [2] . Mental modeling is the creation of internal or external models by a designer. A mental model is capable of supporting mental simulation [1] . Mental simulation is the "ability to imagine people and objects consciously and to transform those people and objects through several transitions, finally picturing them in a different way than at the start" [13] . Mental simulations occurred throughout the software design process at varying levels of quality dependent upon the skill of the designer and the quality of the model on which the mental simulation ran [1] [6] [7] [8] . Continual restructuring is the process of turning an ill-structured problem into a well-structured problem. The term "preferred evaluation criteria" refers to the minimal criteria a subject adopts to perform continual restructuring [13] . The use of preferred evaluation criteria occurred on an individual level or group level [21] [7] [6] . Group interactions are the dynamics of group work in software design. The terms "distributed" and "shared" cognition suggest that individual mental models coalesce via group work, resulting in a common, or overlapping, mental model [7] [21].
Qualitative Studies
Much of empirical software engineering is quantitative which uses hypothesis testing, control variables, and primarily quantitative metrics [12] . Laboratory experiments are a prime example of a quantitative study, requiring much control in manipulating examined variables.
Qualitative empirical studies leverage the context of a situation as critical to understanding, are often emergent in theorybuilding and use primarily qualitative metrics and descriptions as data [16] . The term "qualitative inquiry" is often used "as a blanket designation for all forms of social inquiry that rely primarily on qualitative data." [18] The term empirical refers to the group of "epistemological theories that accept the premise that knowledge begins with sense experience" [18] . Real-world case studies are an example of a qualitative empirical study. The difference between qualitative empiricism and quantitative empiricism does not lie solely in the type of data analyzed (e.g. quantitative data can be used in case studies) but in the overall approach to experimentation [16] .
Our Empirical Study
We conducted three multi-case studies. The purpose of each study was to describe design decision making through a given lens (i.e. from a given perspective) thereby contributing to answering the larger research question: How do software designers make design decisions? Aspects of qualitative empiricism recommend conducting a study with as few preconceptions as possible, to minimize researcher bias [16] . Some even recommend not conducting literature reviews [16] . The practicality of this, however, is challenging -we all have experience we bring to new situations. Thus, for our studies, we made at least some of our preconceptions explicit, by defining the perspective through which we examined software design decision making. We say we had "a lens on", some existing description of, or a prescription for decision making, and compare it to what we found in each study.
In the first study the lens was a comparison of rational decision making and naturalistic decision making. Properties of multi-attribute decision theory (a rational approach to decision making) [15] were compared to properties of recognition-primed decision theory (a natural approach to decision making) [13] . The purpose of the first study was to describe design decision making through the presence or absence of the components of rational and natural decision making. In the second study the lens used was a description of real options theory [20] [4] . Real options theory has been prescribed for solving software design decisions [20] [4] . The purpose of the second study was to describe design decision making through the presence or absence of the components or real options theory. In the third study the lens used was a description of explanation based decision making, an approach to decision making used in jurors for court cases [17] . (nb. this is not the same as "explanation building" in case studies [22] ). The purpose of the third study was to describe design decision making through the components of explanation based decision making and to improve the use of explanation based decision making by fostering communication in team meetings.
Each study used a different approach to collecting data. In the first study we conducted 25 interviews with software designers. We asked them to describe a design change they had championed. Our interview format was semi-structured, meaning the themes of each question were the same for all participants, but the wording of the question was not. In the second study we conducted 9-10 day observations at 3 different software organizations. We watched software developers work. We were silent for the first day, then asked questions for the second day, for each developer we sat with at an organization. In the third study we participated in a development team's discussion of design decisions they had to make for a new application. This occurred at a fourth organization and our participation lasted 6 weeks. Our analysis varied slightly for each study but used content analysis, explanation building and cross case analysis [14] [22].
Results
We present three results. The first is that designers do not consistently strive for an optimal design solution, or a boundedly optimal design solution. The second is that the approach taken to solve a design decision problem depends on the strength of the mental model the software designer holds. The third result is that alternatives are considered through conversation.
Optimal Design Solution?
In our interviews we found software designers do not consistently strive for an optimal design solution when making a design change. We found this in three ways. First, when conducting content analysis, we coded interview transcripts with the code Satisfice and with the code Weight. Satisfice meant that a designer identified some decision as being satisfactory, and is a property of naturalistic decision making [13] . Weight meant that a designer compared alternatives, with the intent of selecting the alternatives with the most advantages. Weight is a property of rational decision making [15] . We found as many occurrences of the code Satisfice as we found the code Weight, quantitatively showing an equal pursuit of optimal design solutions and satisfactory design solutions [23] . Second, we found quotes representative of the idea of the code Satisfice, which qualitatively showed the pursuit of satisfactory design solutions. For example:
"
… it just had to work, it didn't have to have all the fancy clowns and all the bells and whistles it just really had to work." "…you should have a very full bag of tricks, you should know as many things as you can, but you shouldn't reach very deep into that bag for solutions."
Third, we used explanation building to show that 12 of our 25 interview participants followed satisficing when referring to the design or indicators that a design change needed to be made [22] [23] . These three points contributed to the point that designers do not consistently strive for optimal design solutions. The idea of goodness of fit [5] , or the idea of good enough software [3] is well known in software development communities. Empirically supporting these anecdotal summaries is a contribution of our work. .
Considering Alternatives?
In examining the general approach to decision making we looked for one of two approaches: consequential choice or serial evaluation. Consequential choice is defined as the concurrent comparison and trade-off evaluation of more than one option in a decision [15] [13] . Serial evaluation is the sequential evaluation of options (n.b. no tradeoff evaluation and no concurrency) in a decision [13] . We found decision alternatives were considered when the decision was "ill structured", or the decision maker did not have a strong mental model of the design [23] .
Software design is a problem structuring activity accomplished throughout the software development lifecycle [8] [9] [19] [23] . Our results show that the lessstructured the problem, the more software designers considered alternatives. The more structured the problem, the more designers used serial evaluation [23] . A quote from our interviews is below.
" 
Conversation
Our third result came primarily from our observations. Our observations strongly suggest that environments that fostered continual direct conversation led to more use of consequential choice (rather than serial evaluation) than environments that did not foster continual direct communication. We observed decision making at three organizations. The first company fostered minimal continual direct conversation and used consequential choice in 4 of the 12 decision events we observed (33.3%). The second company fostered much continual direct conversation and used consequential choice in 9 of 11 decisions we observed (81.8%). The third company did not foster continual direct conversation and used consequential choice in 2 of 5 decisions observed (40%).
We emphasize that our observations showed consequential choice when more than one developer contributed to the decision. In the 15 decision events where consequential choice was used, 14 of these involved more than 1 person contributing to the decision. At the first company more than one person was involved in decision making in 3 of the 12 decision events we observed. At the second company more than one person was involved in decision making in 9 of 11 decision events we observed. At the third company more than one person was involved in decision making in 1 of the 5 decision events we observed. While we recognize that there are many possible contributors to the approach to decision making, at this point we believe additional people communicating about a design provides more ideas to the solution and makes the problem less structured than it would otherwise be. This suggests that a decrease in discussing design decisions may lead to a decrease in the use of consequential choice, which is, we believe, a decrease in the opportunity to select a good decision alternative among many decision alternatives.
Impact on Decision Support Tools
We discuss the importance of these results in light of tool support to capture design intent. Our first result, that designers do not always strive for an optimal design solution, means decision support tools should capture decisions that are made in a satisficing manner. There should be room for "just because" rationale or rationale that acknowledges satisfactory solutions. The second result, that the approach depends on the structure of the problem or the strength of a designer's mental model, means that decision support tools should be interwoven with tools that manage existing models of applications under design, and accommodate serial evaluation when those models are well-defined. The third result, that alternatives were considered primarily when conversation among colleagues occurred, means that decision support tools should recognize the social context in which a decision occurs and the tools should be easily integrated into these social contexts (nb. not the other way around). Often, "the emphasis on finding and describing 'knowledge structures' that are somewhere 'inside' the individual encourages us to overlook the fact that human cognition is always situated in a complex socio-cultural world and cannot be unaffected by it" [11] . Decision support tools should support these socio-cultural contexts. For example, tool support for decision capture could focus on single display groupware support (multiple users interacting simultaneously on a single device) instead of developing personal tools for capturing rationales.
Conclusion
We summarized results from an empirical study on design decision making to provide direction for decision support tools that recognize the inherent way that designers work. If we wish to capture the intent and rationale behind design decisions we must recognize that sometimes design decisions are made "just because", sometimes they are sub-optimal, sometimes they are made without considering alternatives and sometimes they are made during casual conversations, where tools are not used.
